The ideal configuration of wastewater treatment system (WTS) for attending cities specificities has become a complex decision, due to the fact that there are several available technologies, and a diversity of characteristics presented in the scenario of each city. Considering the importance of economic analysis, especially in developing countries, this work aims to demonstrate the economic feasibility considering cost-related indicators for the ideal WTS selection for specific features in these cities. Based on a literature review, 37 main WTS and two economic cost-related indicators (Net Present Value and Annualized Net Present Value) were considered. First of all, using a multicriteria analysis these WTS were grouped in classes using the ELECTRE TRI method, based on criteria related to efficiency, and the weights were defined by appointments from research specialists in the literature appointments. The economic analysis was performed using the Monte Carlo Simulation (MCS) method, which has been applied specifically to each WTS class, thus generating a framework of economic viability for this context. The WTS with low and high costs were appointed, considering the development level in each applied scenario. This work contributes to expanding the WTS study horizons to select an ideal system, considering the economic aspect.
INTRODUCTION
Several wastewater treatment systems (WTS) and their related technologies have been improved in order to achieve efficiency in wastewater treatment plants (WWTP) . This increased number of available alternatives has made the WTS selection process even more complex.
Ensuring that the most appropriate WTS will be correctly selected is the first challenge to improving basic sanitation projects. Garrido-Baserba et al. () pointed out that this challenge consists of analysing different aspects such as environmental, technical, social and economic, concomitantly. In this way, Tan et al. () proposed an approach based on the fuzzy analytic hierarchy process (AHP) method to selection problems in process engineering with multiple criteria involving quantitative and qualitative assessments. Castillo et al. () developed an environmental decision support system that integrated technical, environmental, economic and social assessment capabilities in one single platform.
This complexity in WTS selection process might generate low-quality decisions with high impact on treatment efficiency and costs, which also impacts environmental and economic issues even in developed countries (Kalbar et al. ) .
One way to support the best decision is by conducting in-depth studies about criteria and variables involved in the decision-making process. Several aspects are involved in the WTS selection (environmental, social, geographical), among others.
In this context, the economic analysis has been highlighted from various researchers. Garrido et al. () showed the importance of quantitatively comparing the efficiency of WWTPs that use different technologies in order to help managers make informed decisions when selecting the most appropriate technology. Leoneti et al. () proposed a solution to the conflict between efficiency and cost in the WTS selection. To deal with this, Karimi et al. () proposed a fuzzy analytical hierarchy process to clarify the decision maker's judgement. Kalbar et al. () defined this process as the biggest task faced by wastewater management experts. On WTS selection context, Molinos-Senante et al. (, ) have carried out a holistic assessment based on the sustainability aspects.
As reported by Zeng et al. () the wastewater treatment alternatives are usually considered based on the economic data provided in the feasibility report of the wastewater treatment project (WTP), while the alternative with minimum capital and operation costs are chosen with no deep study about the technologies behaviour under economics variation. Lee et al. () has warned about the importance of cost-effectiveness in the treatment systems analysis, and points out that the most effective decision analysis should be based on cost criteria analysis. Sancho et al. () emphasizes the importance of reaching an exhaustive knowledge about each cost associated with the treatment process, as well as a further study on comparative data for the several technologies, in order to guarantee serviceable information for future installations.
The literature review highlights the importance of the economic criteria in decision-making, even in developed countries. This emphasizes the relevance of judicious and in-depth economic evaluation in order to identify the main aspects under different scenarios. In this way, it is possible to reach better results with low variation and higher similarity to the real conditions, which allows strategic planning and increases the managers' decision-making skills.
Reinforcing the idea of economic analysis and costs relevance, Figure 1 presents data regarding relative cost criterion importance in WTS selection, stated by researchers in the literature review procedure performed in this work.
Economic criteria
The economic analysis is fundamental for any kind of investment decision. From an economic point of view, investing in a project depends on the expected return: the more increase in future profits, the more attractive the project becomes.
However, for projects related to wastewater treatment, future gains appear in an indirect way, which makes this decision even more complex. Thus, conducting an in-depth economic study helps management in defining possible options that are of particular significance in the wastewater management.
Consequently, due to the importance assigned to economic, a comprehensive literature review was also carried out in order to find the main criteria that must be taken into the economic evaluation, as summarized in Figure 2 .
In this sense, this work proposes an evaluation of state-of-the-art in this theme to achieve a better understanding of WTS selection by the economic analysis and cost structure, classified in groups of the relative costs. It will lead to the technical improvements and financial resources optimization using existing standards as a basis for urban sanitary infrastructure planning in developing countries.
Economic indicators
In this work, the total costs for each WTS were estimated through the Monte Carlo Simulation (MCS) method. The MCS is based on a random sampling technique of uncertainty input, followed by the determination and analysis of the uncertainties propagation as used in the works of Lima et al. () . As described by Alsina et al. () this technique enables the generation of stochastic data inherent to the studied systems using deterministic models.
Therefore, in this study 10,000 samples were generated for each criterion, in order to guarantee that the uncertainties of the input data were uniformly covered. From this point, simulations were generated for the following costs: investment, operation and maintenance, area required, and energy demand for each assessed treatment system.
The overall costs of electricity consumption and the sludge disposition were included in the operational and maintenance costs. The area requirements costs were appraised according to the square meter for small cities in Brazil. All the values were estimated based on the exchange rate of R$ 3.75/US$ and a Minimum Rate of Attractiveness (TMA) of 14.25% per year (Bacen ). The calculations were performed with a planning horizon of 25 years (Djukic et al. ) .
Based on the information, economic performance measures were carried out in order to compare wastewater treatment technologies in terms of investment alternatives. The Net Present Value (NPV) and Annualized Net Present Value (ANPV) were determined for each scenario and used as the primary method of comparison.
METHODS
The methodology proposed was conducted in two phases, as shown in Figure 3 .
The bibliographic methodology has been applied in several fields to assess the research trends by investigating the publication characteristics (Zhang et al. ) . In this first phase the intervention tool used was ProKnow-C (Knowledge Development Process -Constructivist), which consists of a structured process for knowledge generation on a determined theme based on the researcher's interests and limitations, following a constructivist view and requiring a constant interaction between the researcher and the This methodological process basically consists of five steps. In the first step, the keywords and databases were selected considering the relevance of the study in global terms. In the second one, filters were applied, such as duplicate works, research period, impact factor limits and others. In the third step, the articles titles were read in order to exclude the articles that would not be adequate to the research.
The fourth step was the thorough reading of abstracts. After that, the complete papers were found and a final reading and systematic analysis were conducted. In the final step of this phase, a sorting of WTSs was performed in order to allocate the different technology levels in classes to define costs related to each level. For this procedure the ELECTRE TRI multi-criteria method was chosen according to the characteristics of the research problem.
In the second phase, the simulations with two main economic indicators were calculated through the MCS method. There are many economic indicators that may be used to evaluate the economic performance of an investment. Markov et al. () highlighted the NPV as the indicator that can be calculated in order to justify which WTS would be the economically most advantageous option. We used the NPV and the ANPV, as suggested by Lima et al. () . The mathematical modeling for NPV and ANPV are presented in Equations (1) and (2):
Equation (1) determines the economic viability of an investment project, widely used for the investment analysis process (Souza & Clemente ) . Equation (2) presents the ANPV:
Numerical application: WTP in Brazil
Developing an approach that allows knowing the detailed costs involving each treatment system will certainly become helpful for the planning process and selection of the wastewater system, especially for small cities, which usually work with scarce resources. As a way to see the proposed methodology results, a numerical application for the economic analysis was conducted considering the land cost and population data from a city located in the south of Brazil. This city is located in the south-west of Parana State in Brazil. The total area covered by city limits is approximately 313 km 2 , with an estimated population of 14,539 inhabitants in 2016 and demographic density of 43.7 people per km 2 (IBGE ). However, this economic methodology was applied to any population group in order to estimate the values of each WTS and provide a better understanding over the wastewater technologies options for any size or density of city.
WTS classification
The typical process involved in most WTS according to Von Sperling () includes the following:
1. Primary treatment: This represents a sedimentation process performed before the main treatment system or second phase of the treatment. For domestic wastewater treatment, primary processes remove organic load and a part of the non-organic solids, approximately 25% of the total concentration. In industrial waste treatment, the primary treatment commonly includes flow equalization, pH adjustment or chemical addition, which is imperative to realize the treatment process. 2. Secondary treatment: This consists of the removal of the organic matter present in wastewater (especially soluble matter) by the action of microorganism respiration in secondary reactor. There is a second step carried out in the secondary settlers where, by sedimentation, the separation of the clarified water from the biomass (sludge) takes place. 3. Advanced wastewater treatment systems: This has numerous schemes and technologies that are employed for additional components removal or that may be part of a system for treating an industrial wastewater stream.
The classes were defined according to Von Sperling () appointments, and Table 1 presents the data collection related to the WTS's technical features in order to proceed with a numerical application for the proposed methodology. This collection involved the main costs and economic criteria appointed by authors in the literature review.
Based on data from the Brazilian Institute of Geography and Statistic, smaller cities with less than 50,000 inhabitants represents 90.6% of the Brazilian municipalities. Furthermore, these are the municipalities with the lowest attendance rates of sewage services (IBGE ). This is relevant information, considering that schedules involved in managing wastewater quality are becoming higher among the discussion topics. Cost evaluation, in particular, has been performing a central role in the planning process of WTS.
Many municipal WTS have been planning and these numbers certainly are going to continue increasing worldwide.
Weights definition
In this step the weights for criteria related to the efficiency was defined, based on the authors' appointments from literature. A normalization procedure was necessary and was carried out according to Equation (3). The calculation procedures used are shown in Table 2 . where W normalized weight, V w is weights, n is value and m is maximum value. In this step the class limits were defined, based on literature appointments, as presented in Table 3 . The class boundaries b 1 and b 2 were defined based on the information about efficiency on residual removal defined by Von Sperling ().
ELECTRE TRI method
Developed by Mousseau et al. () ELECTRE TRI is a multi-criteria method to allocate a set of alternatives into categories. This method has been used in several applications involving alternative allocation in predefined classes, considering a multi-criteria evaluation with weighted criteria. This allocation results from the comparison of each alternative with defined limits from the classes. In this work the ELECTRE TRI method was used for WTS allocation in classes.
In ELECTRE TRI the classes are ordered from the worst (C 1 ) to the best (C k ). Each category must be characterized by a lower and an upper profile. The assignment of an alternative a to a certain class C h results from the comparison of a to the limits defining the lower and upper limits of the categories; b h being the upper limit of category C h and the lower limit of category C hþ1 , for all h ¼ 1, …, k. This method presents outranking relations S, which validates or invalidates aSb h and (b h Sa) to mean that a is at least as good as b h . The two conditions must be verified to validate the assertion aSb h .
It presents concordance and discordance index concepts and the indexes of partial concordance c j (a,b), concordance c(a,b) and partial discordance d j (a,b) are calculated by Equations (4) 
Still, an index σ is calculated as σ (a, b h )∈ [0,1] (σ (b h , a), respectively, which represents a credibility degree of assertion in which aSb h , a∈ A, h∈ B, as shown in Equation (7).
where:
After calculating the indices ρ (k, b h ) and ρ (b h , k), a cutoff level λ is used (λ ∈ [0.5, 1]) to determine the preferred relationship with the condition: ρ (k, b h ) ! λ ⇒ a k Sb h . Thus, the higher the value of λ, the more severe the subordination conditions of one alternative over the limit. ELECTRE TRI, which is mainly used in alternative classification problems, seeks to assign the performance of the alternatives in one of the predefined performance classes. Two assignment procedures can be evaluated: pessimistic procedure and optimist procedure (Mousseau et al. ) .
Pessimistic procedure compares successively with b i , to i ¼ p, p À 1, …, 0, b h , starting with the first profile in which aSb h shows the category C hþ1 (a ! C hþ1 ).
Optimistic procedure compares successively with b i , to i ¼ 1, 2, …, p, b h , starting with the first profile, such that b h is preferable to a shows C h for category (a ! C h ). The b h is the first threshold value which in a k Sb h assigns the alternative a k to class C hþ1 . If the values of b h and b hÀ1 are the lower and upper limits from class C h , this procedure gives to a k the highest class C h , such in which a k represents the value b hÀ1 (a k Sb hÀ1 ). Moreover, the optimistic procedure compares the performance of a k successively to b i , i ¼ 1, 2, …, p. The threshold value b h in b h Pa k must allocate a k to the class C h . This procedure places a k to the class C h ; however, at lower values the upper limit b h is preferred to a k (b h Pa k ) (Mousseau et al. ).
RESULTS AND DISCUSSION
In this section the results of the classification of WTS groups are presented. It will be necessary to perform an economic analysis individually per group because the WTS presents individual characteristics in each application. Thus, the WTS costs will be allocated together with the necessary demand.
In Table 4 results of the classification with the optimistic and pessimistic procedures are presented.
MCS method
The MCS method is a way of reproducing the inherent randomness in biological systems by deterministic models. Through MCS, it is possible to have a probabilistic sampling of uncertainties. According to Zolfagharipoor & Ahmadi Hence, for each cost condition, 10,000 simulations were conducted before estimating the overall cost. These results are presented in Table 5 . In Table 5 , most WTS have presented low coefficients of variation (CV). Submerged aerated biofilter with biological nitrogen removal (a36), submerged aerated biofilter with nitrification (a35) and advanced primary treatment (a3) were the lowest CV value. Even with large data sample, the low CV shows the values' stability increased from the MCS, in addition to the low dispersion of data in general. Figure 4 presents the annual equivalent cost estimated through the MCS for each evaluated WTS class.
Within the classification performed it was possible to relate the WTS to every level of the treatment system. In an advanced treatment class (class A) the WTS that presented low cost was slow infiltration (a11). This kind of WTS may require a variety of necessities, achieving higher levels of effluent quality, such as biological oxygen demand, chemical oxygen demand, suspended solids, ammonia, total nitrogen and total phosphorus removal (Von Sperling & Chernicharo ). Ouyang et al. () has also figured out the slow rate land treatment system as one of the most adequate options between the three of five scenarios evaluated.
In the secondary treatment class (class B) the UASB (a17) presented the lowest cost. Nevertheless, the UASB reactor has shown low costs and also presents a greater average rate of organic matter removal. Hunt () has obtained similar results, with the UASB reactor as the most economic technology that can also satisfy Brazilian laws and regulations.
It was possible to observe throughout this study that the WTS with the higher demand for area and energy tend to be more expensive, even though they present a better quality of treatment. The intensive technologies are cheaper than the extensive; however, global sustainability cannot be measured in this way.
Finally in the primary treatment class (class C), as expected the conventional primary treatment (a2) was the WTS with lowest cost. Among the 37 available systems studied, it showed to be the most economical technology. However, this system does not meet the minimum discharge standards required by the current legislation. Thus, it shows the necessity of a secondary system implantation in order to totally remove organic matter and nutrients.
In general the WTS that presented the lower costs were conventional primary treatment (a2), slow rate infiltration (a11), UASB (a17), rapid infiltration (a12) and anaerobic pond (a5), and facultative pond (a4). The average values (ANPV) estimated ranged between US$ 27,809.62 and US$ 34,552.94.
The systems that presented the highest costs per unit of time (ANPV) were conventional activated sludge with tertiary filtration (a32), conventional activated sludge with biological removal of N/P (a31) and activated sludgeextended aeration (a29).
The extended aeration was pointed out by Molinos-Senante et al. () as the most sustainable technology; however, economically, it was the least sustainable, which was also concluded by the authors. Kalbar et al. () ranked Conventional activated sludge as the most preferred alternative for urban scenarios because land requirement and final effluent quality are very important.
The average total cost of those technologies ranged between US$ 210,852.09 and US$ 180,763.84. These values are justified due to their high technological level when they are applied to tertiary treatments.
FINAL REMARKS
In regards to low investments of sanitation in developing countries, the economic factor has been predominant in decision-making. Therefore, this study aimed to promote 
